In this paper, a novel codebook generation strategy is proposed. With the given codebooks, two antennas. In order to achieve full degree of freedom (DoF) in the perspective of MIMO capacity, we assume the MIMO channel matrix is full rank (non-singular matrix).
Ⅱ. VQ of MIMO Channel Matrix
Unlike the unitary precoding techniques [2] , our codebook generation strategy is proposed for recovery of the full MIMO channel matrix.
The generation procedure of quantized channel matrix type 1 can be described as follows.
1) The codewords are column vectors.
2) The quantized matrix is generated by vector quantization (VQ) of the channel matrix.
3) The quantization criteria is searching the codeword with the smallest Chordal distance from the column vectors of original channel matrix.
The above procedure is a straightforward way to generate quantized MIMO channel matrix. However, the generated quantized matrix may be a singular matrix, since multiple columns of original channel matrix may be mapped to identical codewords, which leads to the reduction the DoF.
To avoid the codeword collision problem, the quantized channel matrix type 2 is proposed. It is obvious that this suboptimal procedure can avoid the codeword collision perfectly and the computational complexity is fixed, but the minimal quantization error can't be guaranteed.
Ⅲ. Channel Normalization
Three quantized channel generation methods 
where  and sum represent the gain and summation of elements in matrix X, respectively.
The strategy for QCGM 1 is given as below.
1) Codebook generation based on the un-normalized channel collections.
2) Quantization of the un-normalized CSI
where  is quantization with codebook.
3) Normalization of the CSI
• Original CSI :
• Quantized CSI :
By processing the QCGM 1, the quantization error exists due to the quantization using codebook.
Furthermore, since the channel gains of the original channel matrix and the quantized channel matrix are different, normalization after quantization introduces more nondeterminacy to the final generated quantized CSI   .
The strategy for QCGM 2 is given as below.
1) Codebook generation based on the normalized channel collections.
2) Quantization of the normalized CSI
Since the quantization is implemented after channel normalization, only quantization error exist by using QCGM 2.
The strategy for QCGM 3 is given as below. errors introduced by quantization and normalization for different QCGMs. When QCGM 2 is implemented, the mean error is the smallest compared to other 2 methods. Fig. 2 indicates that the normalization of quantized channel matrix introduces more quantization error in average. Fig. 3 shows the bit error rate (BER) and packet error rate (PER) performances. Obviously, the system employing QCGM 2 shows the best performance.
Our proposed codebook generation strategy can also be used for advanced precoding techniques. Fig.   4 shows the performance comparison between the LTE codebook with unitary precoding and the proposed codebook with Tomlinson-Harashima precoding (THP) [3] . The results are obtained in  ×  system, and show that the implementation of LTE codebook has much worse performance. This implies that even though the significant performance gain (by the proposed codebook) is achieved at a higher cost of the number of feedback bits, the proposed codebook generation strategy shows a possible evolutionary direction for practical implementations. 
Ⅴ. Conclusions

